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Morphology and mechanical propertiesa b s t r a c t
Bagasse ﬁlled recycled polyethylene bio-composites were produced by the compounding and compres-
sive molding method. Two sets of composites were produced using uncarbonized (UBp) and carbonized
(CBp) bagasse particles by varying the bagasse particles from 10 to 50 wt%. The surface morphology and
the mechanical properties of the composites were examined. The results showed that the uniform distri-
bution of the bagasse particles in the microstructure of the polymer composites is the major factor
responsible for the improvement of the mechanical properties. The bagasse particles added to the RLDPE
polymer improved its rigidity and the hardness values of the composites. The tensile and bending
strengths of the composite increased with increasing percentage of the bagasse to a maximum of
20 wt%UBp and 30 wt%CBp. The impact energy and fracture toughness decreases with wt% bagasse par-
ticles. The developed composites have the best properties in the ranges of 30 wt% bagasse particle addi-
tions and for optimum service condition, carbonized bagasse particles addition should not exceed 30 wt%.
 2013 The Authors. Published by Elsevier B.V. Open access under CC BY license.1. Introduction
Natural ﬁbers/particles have been extensively used as reinforce-
ments into polymer matrices as an alternative to the commonly
used synthetic ﬁllers such as carbon, glass or aramid because of
their low-density, good mechanical properties, abundant availabil-
ity and biodegradability [1].
The use of lignocellulosic natural ﬁbers/particles as ﬁllers or
reinforcements has been gaining acceptance in commodity poly-
mer applications in the past few years [2,3]. The natural ﬁllers
can be obtained from several sources, both from forestry and agri-
cultural resources. Waste from agriculture delivers renewable,
abundant, natural materials that serve as ﬁllers for resins, with
the beneﬁt of lower cost and improved mechanical properties.
Many researches have been reported on natural ﬁller reinforced
thermoplastic composites, which have successfully proved their
applicability in various ﬁelds [4]. Thermoplastics such as polyeth-
ylene (PE), polypropylene (PP) and polyvinylchloride (PVC) have
been compounded with natural ﬁllers such as wood, hemp, cotton,
coir pineapple leaf, oil palm and banana to prepare composites [4–
6].Bagasse is the residueﬁber remainingwhen sugar cane is pressed
toextract the sugar. Bagasse is composedofﬁber andpith, theﬁber is
thick walled and relatively long (1.4 mm) [7]. Bagasse is a plentiful
lignocellulosic waste typically found in tropical countries that pro-
cess sugar cane, such as Brazil, Indian, Cuba, China and Nigeria [7].
The bagasse ﬁber (BF) bundles are usually coarse and stiff. It is used
either as a fuel for boilers by the sugar factory or as a rawmaterial for
the manufacture of pulp and paper products [8].
Some of the previous studies on the potential of using bagasse
on the production of polymer composites were: Maldas et al. [8]
studied the effect of thermoplastics (e.g. polyvinyl chloride and
polystyrene), as well as a coupling agent — poly (methylene
(polyphenylisocyanate)) (PMPPIC) — and bagasse lignin, on the
mechanical properties of particle boards of sugarcane bagasse.
The mechanical properties of bagasse particle boards were com-
pared to those of hardwood aspen ﬁber particle boards, deligniﬁed
bagasse particle boards, as well as those of composites made from
bagasse, polymers and coupling agents. Particle boards of bagasse
comprising both thermoplastics and a coupling agent offer supe-
rior properties compared to those made of only thermoplastic or
a coupling agent. The extent of improvement in the mechanical
properties of particle boards depended on the concentration of
polymers and the coupling agent; nature of the ﬁber, polymer
and coupling agent; composition of PMPPIC and bagasse; as well
as lignin content of the bagasse. Moreover, the mechanical proper-
ties and dimensional stability of coupling agent-treated particle
boards are superior to non-treated ones.
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4 wt%, phc) loading on the physical properties of nanocomposites.
Composites based on the recycled high-density polyethylene
(RHDPE), bagasse ﬂour and nanoclay were made by using a coun-
ter-rotating twin-screw extruder and then injectionmolding.When
2 and 4 (phr) nanoclayswere added, thewater absorption decreased
signiﬁcantly, ﬁnally, the thickness swelling of RHDPE/bagasse nano-
composites was lowered with the increase in nanoclay content.
Punyapriya [10] developed a mathematical model to predict the
abrasive wear behavior of the bagasse ﬁber reinforced polymer
composite. The experiments were conducted using full factorial
design in the design of experiments (DOE) on pin-on-disc type
wear testing machine, against 400 grit size abrasive paper. A sec-
ond order polynomial model was developed for the prediction of
wear loss. The model was developed by response surface method
(RSM). Analysis of variance technique at 95% conﬁdence level
was applied to check the validity of the model. The effect of volume
percentage of reinforcement, applied load and sliding velocity on
abrasive wear behavior was analyzed in detail. The work shows,
good correspondence, implying that, empirical models derived
from response surface approach can be used to describe the tribo-
logical behavior of the above composite.
Sausa et al. [11] studied the effect of three processing parame-
ters on the ﬂexural mechanical behavior of chopped bagasse–poly-
ester composites. The parameters evaluated were: the size of the
chopped material, the pre-treatment derived from the previous
processing of the bagasse material on mills for the extraction of
sugar and alcohol or liquor and the molding pressure. The results
obtained showed that composites fabricated with bagasse with
size under mesh 20 mm sieve and pre-processed for sugar and
alcohol extraction showed the best mechanical performance. This
behavior was associated, respectively, with the increase of the
surface area and with an almost complete cleaning of the bagasse
surface. The molding pressure affects the mechanical behavior only
after a threshold value is attained.
Vazquez et al. [12] reported on the processing and properties of
bagasse ﬁber-polypropylene composites. Four different chemical
treatments of the vegetal ﬁbers were performed in order to im-
prove interface adhesion with the thermoplastic matrix: namely
isocyanate, acrylic acid, mercerization and washing with alkaline
solution were applied. The effects of the treatment reactions on
the chemical structure of the ﬁbers were analyzed by infrared
spectroscopy. Optical photomicrographs indicate that a highly
ﬁbrillated surface is achieved when ﬁbers are mercerized. The ef-
fects of the ﬁber chemical treatment on the tensile properties of
the molded composite, produced by different processing routes,
were also analyzed. It was observed that the tensile strength and
the elongation at break of the polypropylene matrix composite de-
crease with the incorporation of bagasse ﬁbers without treatment.
Shibata et al. [13] studied the biodegradable composites
reinforced with bagasse ﬁber before and after alkali treatments
and the mechanical properties were investigated. Mechanical
properties of the composites made from alkali treated ﬁbers were
superior to the untreated ﬁbers. Composites of 1% NaOH solution
treated ﬁbers showed maximum improvement. Approximately
13% improvement in tensile strength, 14% in ﬂexural strength
and 30% in impact strength had been found, respectively. After
alkali treatment, increase in strength and aspect ratio of the ﬁber
contributed to the enhancement in the mechanical properties of
the composites. SEM observations on the fracture surface of com-
posites showed that the surface modiﬁcation of the ﬁber occurred
and improved ﬁber–matrix adhesion.
Cao et al. [14] work on bagasse-glass ﬁber reinforced polymer
composites with 15–30 wt% bagasse ﬁber and 5 wt% glass ﬁber
mixed in resin. The results of the Scanning electron microscopy
(SEM) showed that bagasse ﬁbers of 13.0 lm in diameter and61.0 lm in length are well dispersed in the polymer matrix. Addi-
tion of bagasse ﬁbers decreases the ultimate tensile strength, while
addition of glass ﬁber further increases the ultimate tensile
strength in comparison to commercially available bagasse based
composite. Bagasse-glass reinforced ﬁbers improve the impact
strength of epoxy materials as the ﬁber has more elasticity in com-
parison to the matrix material. Although the cited literature has
not revealed the traditional uses of carbonized bagasse particles,
also uncarbonized bagasse has poor interfacial bonding and low
surface area when used as a ﬁlled in polymer matrix. Hence, re-
search and development efforts have been under way to ﬁnd
new applications for bagasse, including the utilization of carbon-
ized bagasse as reinforcement in polymer composites.
Rahman Muhammad Bozlur et al. [15] describes a method to
fabricate short bagasse/bamboo ﬁber reinforced biodegradable
composites and investigated their ﬂexural properties. Bagasse/
bamboo ﬁbers were simply randomly mixed with biodegradable
resin and composite specimens were fabricated by a cylindrical
steel mold by press forming. The effects of holding time and ﬁbers
content on the ﬂexural properties of bagasse/bamboo ﬁber com-
posites were investigated. The ﬂexural properties of bagasse/bam-
boo ﬁber reinforced biodegradable composites were strongly
affected by the holding time and amount of ﬁber content. During
ﬁber processing at different holding times, it was found that ﬂex-
ural properties increased with the increase of the holding time
up to 10 min. Above 10 min, ﬂexural properties decreased due to
insufﬁcient resin. In processing on ﬁber content, it was observed
that the ﬂexural properties increased with the increase in the ﬁber
content up to 50% and above 50% the ﬂexural properties decreased
due to high ﬁber weight fraction and poor bonding between the
ﬁber and the matrix. The ﬂexural modulus for holding time showed
maximum of 2384 MPa for bagasse and 2403 MPa for bamboo
composites. The cross sectional structure of the bagasse ﬁber was
porous and the bamboo ﬁber was solid.
Maneesh et al. [16] developed bagasse-glass ﬁber reinforced
composite material with 15 wt%, 20 wt%, 25 wt% and 30 wt% of ba-
gasse ﬁber with 5 wt% glass ﬁber mixed in resin. Scanning electron
microscopy (SEM) shows that bagasse ﬁbers 13.0 lm in diameter
and 61.0 lm in length are well dispersed in the resin matrix. Addi-
tion of ﬁber increases the modulus of elasticity of the epoxy. Mix-
ing of bagasse with glass ﬁber also improves the modulus of
elasticity. Addition of bagasse ﬁbers decreases the ultimate tensile
strength. But addition of the glass ﬁber further increases the ulti-
mate tensile strength in comparison to commercially available ba-
gasse based composite. Bagasse-glass reinforced ﬁbers improve the
impact strength of epoxy materials as the ﬁber has more elasticity
in comparison to the matrix material. Addition of ﬁbers increases
the capacity of water absorption. This test is necessary where com-
posites are used in moisture affected areas. Addition of bagasse ﬁ-
ber reduces bending strength. But the addition of glass ﬁber further
increases the bending strength in comparison to commercially
available bagasse based composite.
Recently publication of the author and co-workers [17] has
studied the tribological behavior of recycled low density polyethyl-
ene (RLDPE) polymer composites with carbonized bagasse
particles as a reinforcement using a pin-on-disc wear rig under
dry sliding conditions. The inﬂuence of wear parameters like,
applied load, sliding speed, sliding distance and percentage of
bagasse ash ﬁllers, on the wear rate was investigated. There results
showed that the addition of bagasse ash as ﬁller materials in RLDPE
composites increases the wear resistance of the composite greatly.
From the above literature cited, it appeared that the effect of ba-
gasse particles as a reinforcer in RLDPE and their morphology,
mechanical properties has not been explored. These foregoing
researches motivated our investigation into the possibility of using
bagasse in RLDPE matrix particulate composite for engineering
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worker, it was necessary to investigate the mechanical properties
and morphology of carbonized bagasse particles in the RLDPE ma-
trix. Hence, the present investigation has been focused on the uti-
lization of abundantly available bagasse in a useful manner by
dispersing it into polymer matrix to produce composites (uncar-
bonized and carbonized).
2. Materials and method
2.1. Materials and equipment
The bagasse used in this work was obtained from ‘Sabon Gari’
area of Zaria in Kaduna state Nigeria, the RLDPE used were col-
lected literally from the streets of Zaria and around refuse dumps.
The equipment used in the research were: metal mold, sieves,
digital weighing balance, hack saw, grinding machine, Vernier cal-
iper, compounding machine, molding machine and bending and
tensile testing machines, Rockwell hardness tester, Charpy impact
tester and Scanning electron microscope(SEM).
2.2. Method
The uncrushed bagasse ﬁbers were cleaned and alkali treated
using1%NaOHsolution.After treatment, the treatedbagassewasball
milled at 200 rpm for 6 h to form uncarbonized bagasse particles.
Some of the UBpwas packed in a graphite crucible and ﬁred in a con-
trol atmospheremufﬂed electric furnace at a temperature of 1200 C
for 5 h to form carbonized bagasse particles (CBp). The particle size
analysis of the bagasse particles was carried out in accordance with
ASTM-60. 100 g of the bagasse particles was placed onto a set of
sieves arranged in descending order of ﬁneness and shaken for
15 minwhich is the recommended time to achieve complete classiﬁ-
cation. The weight retained on 100 lmwas used in this research [6].
Atomic absorption spectrometer (AAS) and Mini Pal compact
energy dispersive X-ray spectrometer (XRF) were used for the ele-
mental analysis of the UBp and CBp, respectively. The system is con-
trolled by a PC running the dedicated Mini Pal analytical software.
The RLDPE matrix and the bagasse were pre-dried prior to the
compounding. The mixture was compounded using a co-rotating
twin extruder (APV Baker Ltd. England, Model: MP19PC) with L/
D ratio of the screw being 25:1. Mixing speed of 60 rpm and
120 C was maintained for all the compositions [8,9].
Metal molds were used in the production of the composite sam-
ples. The mixture was placed in a 400  400 mm rectangular mold
and pressed to a thickness of 4 mm with a pressure of 10 MPa. At
the end of press cycle the composites were removed from the press
for cooling. The bagasse particles were varied from 10 to 50 wt%
with an interval of 10 wt%. Two sets of composites were produced
using the UBp and CBp, respectively.
The basic method of determining the density of composite sam-
ples by measuring the mass and volume of the sample was used. A
clean sample is weighed accurately in air using a laboratory bal-
ance and then suspended in water. The weight of the sample when
suspended in water was determined, the volume of the sample was
determined from the effect of displacement by water (Archime-
dean principle). The density of the sample was estimated from







A Scanning electron microscope (SEM) JEOL JSM-6480LV was
used to examine the surface morphology of the bagasse particles
and the composite samples. The samples were washed, cleaned
thoroughly, air-dried and were coated with 100 Å thick platinum
in JEOL sputter ion coater and observed SEM at 20 kV [7].Test samples were cut from the composites for the mechanical
test according to the recommended standard for each test. Prior to
the test, all the samples were conditioned at a temperature of
23 ± 2 C and relative humidity of 65% according to ATM D618-08
[11,12].
Hardness values of the composites was determined by Rock-
well hardness machine (BS903 part A26) [8–10] using a
1.56 mm steel ball indenter, minor load of 10 kg, and major load
of 100 kg.
The tensile and ﬂexural strength measurement experiments
were performed on hounsﬁeld tensometer testing machine. For
tensile tests the composite samples were cut into dumb-bell shape
with cross sectional dimension of 135  14  4.0 mm in accor-
dance with ASTM D638. The tests were performed at a constant
strain rate of 0.5 mm/min. Tensile strength was calculated by the
formula: S = F/A where F is the maximum load (in newtons); A is
the area of the specimen. Tensile modulus was determined as:
E = FL/ADLwhere F is the maximum load; L is the distance between
the clamps; A is the area of the specimen, and DL is the deﬂection
(in millimeters) corresponding to the load F [10]. Four-point bend-
ing tests were conducted according to ASTM D143-09 using spec-
imens with dimensions of 20  20 mm in cross-section (b  h) and
380 mm in length’’. The load was applied in two points, placed
symmetrically on the composite, the two loads were placed at a
distance a = L/3 from the supports, where L is the sample length,
the deﬂection at mid span was determined.
The impact test of the composite samples was conducted in
accordance with ASTM D256-93 [12–14] using a fully instru-
mented Avery Denison test machine. Standard impact test sample
measuring 75  10  4 mm with notch depth of 2 mm and a notch
tip radius of 0.02 mm at angle of 45 was used. The tensile notch
samples according to [12–14] were prepared for fracture tough-
ness. The samples were subjected to tensile loading to fracture
using hounsﬁeld tensometer.3. Results and discussion
AAS analysis of the UBp revealed the uncarbonized bagasse par-
ticles contain C, H, O, Si, N and the result is in par with work of [7]
(see Table 1). The XRF chemical composition of the bagasse ash is
represented in Table 1. XRF analysis conﬁrmed that SiO2, Al2O3,
MgO and Fe2O3 were found to be major constituents of the ash. Sil-
icon dioxide, iron oxide and alumina are known to be among the
hardest substances [7]. Some other oxides viz. CaO, K2O and
Na2O were also found to be present in traces.
Morphology of the bagasse particles by SEM are shown in Fig. 1.
Bagasse particles were observed to be solid in nature, but irregular
in size. Some spherical shaped particles can also be seen. It can be
seen in the Fig. 1, that the UBp are more round, spherical shaped
and have a large surface area than the UCp.
Visual observation of the composites revealed a uniform distri-
bution of bagasse particles and RLDPE matrix. The distribution of
particles is inﬂuenced by alkali treatment and the compounding
of the bagasse particles with the RLDPE matrix, which resulted in
good interfacial bonding (see Fig. 2).
From Fig. 3, it was observed that the density of the composites
with UBp increased with increasing wt% of the bagasse particles in
the RLDPE matrix, while the density of composites produced with
CBp slightly decreased with increasing wt% bagasse particles (see
Fig. 3b). E.g. the density of the developed composites was 1.30 g/
cm3 and 0.68 g/cm3 at 50 wt% bagasse particles for UBp and CBp
composites respectively. This work is in par with the earlier work
carried out by Bilba et al. [9].
The surface morphologies of the composites by SEM were
shown in Figs. 4–8.
Table 1
Composition of the Bagasse particles.
UBp Element C N Si H O S K Ca Na Fe
Wt% 39.44 0.89 15.64 5.61 30.21 0.3 0.43 0.07 0.034 0.006
CBp Wt% SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O L OI
80.24 2.5 0.5 3.0 0.6 0.24 0.32 9.5
(a)UBp(x1000)                                                  (b) CBp(x1000) 
Fig. 1. SEM of the bagasse particles.
Fig. 2. Photograph of the developed composites.
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the morphology of the RLDPE matrix and the composites (see
Figs. 4–8). The microstructure clearly showed that when the ba-
gasse particle was added to the RLDPE matrix, morphological
change in the microstructure occurred. The microstructure of the
RLDPE matrix revealed chains of amorphous structure with linear
boundaries between adjacent spherulites being observed (see
Fig. 4).
Morphology of the composites with carbonized bagasse particle
reinforcement showed a smooth spherical surface having more
surface area for interaction. There was good dispersion of bagasse
particles in the polymer matrix. Figs 5–8, clearly showed that there
is proper intimate mixing of bagasse particles with the RLDPE.
Particles-matrix interface plays an important role in composite
properties. A strong particle-matrix interface bond is critical for
high mechanical properties of composites [8–12,18]. Pulling out
of the particles from the matrix, delamination between the parti-
cles and the polymer matrix was not observed in this study. As
the bagasse particle is increased beyond 40 wt% there is someagglomeration, sedimentation and cluster of the particles (see
Fig. 8). Finally, as mentioned above, no particle fragmentation oc-
curs in the RLDPE matrix, giving rise to a clean surface, which
can form an intimate contact with the matrix and obtain a good
bonding.
The results of hardness values are shown in Fig. 9, it is observed
that with increase in wt% bagasse particles in the polymer matrix
the hardness values of the composites increases (see Fig. 9).
The increments are attributed to an increase in the percentage
of the hard and brittle bagasse particles as revealed by the compo-
sition of the bagasse particles in Table 1. Also the differences in
coefﬁcient of thermal expansion (CTE) between the bagasse parti-
cles and polymer matrix resulted in elastic and plastic incompati-
bility between the matrix and the bagasse particles [13]. E.g.
hardness values of 1.55 HRB, 4.32 HRB and 5.28 HRB (see Fig. 9)
were obtained for the matrices, 50 wt%UBp and 50 wt%CBp,
respectively. In comparison with the unreinforced RLDPE matrix,
a substantial improvement in hardness values was obtained in
the reinforced polymer matrix. This is in line with the earlier
Fig. 3. Variation of density with wt% bagasse particles.
Fig. 4. SEM of the microstructure of the RLDPE matrix (1000).
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posite reinforced with CBp (see Fig. 9b) are greater than that rein-
forced with UBp (see Fig. 9a). This may be attributed to carbonized
bagasse particles having a large surface area (see Fig. 1).
The results of tensile modulus as shown in Fig. 10, the tensile
modulus increased with a corresponding increment in the bagasse
particles loading for the composite samples examined. The ob- (a) UBp composite(x1000)      
Fig. 5. SEM of the microstructure of the RLDPserved increase in the tensile modulus is due to improvement in
the stiffness of the composite as bagasse particle addition in-
creases. It is as a result of the stiff nature of the particle structure.
The tensile strength increased from 8.10 Mpa for the RLDPE ma-
trix to a maximum of 9.20 Mpa and 11.34 Mpa at 20 wt%UBp and
30 wt%CBp (see Fig. 11) respectively.
The high values of tensile strength observed in this work may
be due to the good distribution and dispersion of the bagasse in
the RLDPE matrix resulting in strong particles-RLDPE matrix inter-
action. This good particle dispersion improves the particles-RLDPE
matrix interaction and consequently increases the ability of the ba-
gasse particles to restrain gross deformation of the RLDPE matrix.
The decrease in tensile strength as the bagasse particles increased
beyond 30 wt% is due to the interference of particles in the mobil-
ity or deformability of the matrix. This interference was created
through the physical interaction and immobilisation of the poly-
mer matrix by the presence of mechanical restraints, thereby
reducing the strength [9,10].
Also, the slightly decrease in tensile strength beyond the opti-
mum point may also be attributed to decreasing the interfacial
area as the particles content increased, which resulted in worsen-
ing the interfacial bonding between the particles (hydrophilic) and
matrix polymer (hydrophobic) (see Fig. 8) and agglomeration of
the bagasse particles in the RLDPE matrix which form a domain
that looks like a foreign body in the matrix or simply the result
of physical contact between adjacent aggregates, these agglomer-
ates act as obstacles to chain movement and initiate failure under
stress. Agglomerates will become stress concentrators and build up
stresses in composites quicker than usual that caused earlier rup-
ture if compared to unﬁlled samples [15]. However, at similar ﬁller
loading, CBp ﬁlled composites have higher tensile strength than
similar composites with UBp. The higher tensile strength can be
attributed to the better dispersion and adhesion of CBp in the
RLDPE matrix. The tensile strength obtained in this study remained
within acceptable levels in bio-composite applications [14,16].
Tensile properties of the natural ﬁller composites depend on
several factors such as the phase volume fractions, the ﬁllers con-
centration, and the distribution and orientation of the ﬁllers rela-
tive to one another. The improvement in tensile strength and
tensile modulus was noticed with the bagasse particles in the poly-
mer matrix. These indicate that the addition of bagasse particles
improves the load bearing capacity of the composites. Similar
observations have been reported by [12] for other ﬁller reinforced
polymer composites. In addition, the developed composites deform
less until maximum load, which gives a higher tensile modulus.                    (b) CBp composite(x1000) 
E matrix with 10 wt% bagasse particles.
(a) UBp composite(x1000)                 (b) CBp composite(x1000) 
Fig. 6. SEM of the microstructure of the RLDPE matrix with 20 wt% bagasse particles.
(a) UBp composite(x1000)              (b) CBp composite(x1000) 
Fig. 7. SEM of the microstructure of the RLDPE matrix with 30 wt% bagasse particles.
192 J.O. Agunsoye, V.S. Aigbodion / Results in Physics 3 (2013) 187–194The tensile strength and moduli of the RLDPE/CBp composites
showed higher values than RLDPE/UBp composites this is because
the violatematters andmoisture are given off during carbonization.
Thismay account for the poor distribution and dispersion of theUBp
in the RLDPE matrix resulting in weak-ﬁller-RLDPE matrix interac-
tion [10–12]. This poor ﬁller dispersion will reduce the ﬁller-poly-
mer matrix interaction and consequently decreases the ability of
the UBp to restrain gross deformation of the RLDPE matrix.
The effect of bagasse particles loading on the ﬂexural strengths
of RLDPE composites is shown in Fig. 12. This result also has a sim-
ilar trend with that of tensile strength, both composites also havetheir maximum bending strengths at 20 wt%UBp and 30 wt%CBp,
respectively.
The improvement in bending strength of the composite as ba-
gasse particle increased to the optimum level is attributed to the
platy nature and the random-in-plane arrangement of the particles
likely lead to rigidity and better absorption of compressive forces,
leading to increases in overall bending strength. Composites with
CBp showed a higher value of bending strength than composites
with UBp. The increment in bending strength may due to increased
surface area of ﬁller in the matrix. It is worth pointing out that the
total area for deformation stress also has an important role to play.
F
 (a) UBp composite(x1000)                 (b) CBp composite(x1000) 
Fig. 8. SEM of the microstructure of the RLDPE matrix with 50 wt% bagasse particles.
Fig. 9. Variation of hardness values with wt% bagasse particles.
Fig. 10. Variation of tensile modulus with wt% bagasse particles.
Fig. 11. Variation of tensile strength with wt% bagasse particles.
Fig. 12. Variation of bending strength with wt% bagasse particles.
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fracture toughness with bagasse particle loading. It is clear from
the Fig. 13 and 14, that the impact strength and fracture toughness
decreases with bagasse particle addition.
An increase in the concentration of bagasse particles reduces
the ability of matrix to absorb energy and thereby reducing the
toughness.From Figs 13 and 14, it is shown that the ability to resist impact
force is higher in the composite reinforced with UBp than that
reinforced with CBp this is because the presence of the high silica
and carbon content in the carbonized bagasse particles has intro-
duced some brittleness as an increase in hardness led to a decrease
in impact energy. The reduction in impact energy and fracture
toughness with increasing bagasse particle loading might also be
Fig. 13. Variation of impact energy with wt% bagasse particles.
Fig. 14. Variation of fracture toughness with wt% bagasse particle.
194 J.O. Agunsoye, V.S. Aigbodion / Results in Physics 3 (2013) 187–194due to the decreased deformability of a rigid interface between the
particles and RLDPE matrix.
The RLDPE matrix and the composite with 10 wt% bagasse
particles have the highest impact energy, indicating the greater
toughness values of all the investigated samples. The tensile prop-
erties are in agreement with the results obtained from the analysis
of the hardness and impact energy. On the other hand, as can be
suggested from the impact test, the elastic behavior of the matrix
proportionately varies with the addition of the bagasse particles.
As the loading of bagasse particles increases, the ability of the com-
posites to absorb impact energy decreases since there is less ratio
of the RLDPE matrix to particles. However the results obtained are
within the standard level for bio-composites [16].
4. Conclusions
In this present work, some morphology and mechanical proper-
ties of RLDPE bio-composites reinforced with bagasse particles has
been investigated. From the results and discussion presented
above, the following conclusions can be made;
i. This work shows the successful fabrication of RLDPE and the
bagasse particles composite by compounding and compres-
sive molding.ii. The uniform distribution of the bagasse particles in the
microstructure of the polymer composites is the major fac-
tor responsible for the improvement in the mechanical
properties.
iii. The bagasse particles added to the RLDPE polymer improved
its rigidity and hardness values of the composites.
iv. The tensile and bending strengths of the composite
increased with increasing percentage of the bagasse to
maximum of 20 wt%UBp and 30 wt%CBp.
v. The impact energy and fracture toughness decreases with
wt% bagasse particles
vi. The developed composites have better properties at the
ranges of 30 wt% bagasse additions, and for optimum service
condition, carbonized bagasse particles addition should not
exceed 30 wt%.
vii. Based on the results obtained in this study, it is recom-
mended that these grades of composites can be used in the
production of low strength car bumpers and other structural
applications.
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